An efficient synthesis of bis(indolyl) methanes (BIM's) has been developed using heteroaromatic isocyanurate ring functionalized MCM-41(HI-MCM-41) as a new nanocatalyst.
Introduction
Indole frameworks or scaffold are the most heterocyclic compounds in many biological systems that show medicinal properties and pharmacological activity. Owing to their many applications, various procedures using different catalyst systems, such as lanthanide triflates, InCl3, SBA-15-supported poly(4-styrenesulfonyl (perfluorobutylsulfonyl )imide), NaHSO4. SiO2/Amberlyst-15 and sulfamic acid are described for the synthesis of bis(indolyl)methanes. However, these methods suffer from certain disadvantages, such as the use of expensive or toxic catalyst, long reaction time, tedious work-up procedures, difficulties in regeneration of catalyst and product purification. [4] On the other hand, Solid acidic materials have the potential to replace strong liquid acids and preventing corrosion problems associated with them and consequent environmental hazards.
Solid acids have found extensive applications in chemical procedures because of their significant advantages including environmental compatibility, non-toxicity, reusability, low cost, high
activity, operational simplicity and easiness of isolation over strong liquid acids. In continuation of our efforts in the synthesis and application of new heterogenous catalyst for organic transformations [5] [6] [7] [8] , Herein, we report our results for a facile and convenient synthesis of bis(indolyl)methanes using heteroaromatic isocyanurate ring functionalized MCM-41(HI-MCM-41) as an efficient and recoverable catalyst.
Scheme 2. Synthesis of bis(indolyl)methane (BIM) derivatives catalyzed by HI-MCM-41

Experimental section
Reagents and Apparatus
High-purity chemical reagents were purchased from Merck. All reactions and the purity of the products were monitored by thin-layer chromatography (TLC) using aluminum plates coated with silica gel F254 plates (Merck) using ethyl acetate and n-hexane as eluents. The spots were detected either under UV light or by placing in an iodine chamber. Melting points were determined in open capillaries using an Electrothermal 9100.
General procedure for the synthesis of bis(indolyl)methane derivatives (4a-f)
In a round-bottomed flask, indole (2, 2 mmol), various aldehyde (3, 1 mmol), and 10 mg HI-MCM-41 (1) were added to EtOH 96% (2 mL). The obtained mixture was stirred under reflux conditions. After completion of the reaction monitored by TLC (eluent: 25% v/v EtOAc/n-
hexane), EtOH 96% (3 mL) was added and the obtained mixture was heated and filtered off to separate the solid catalyst 1. Water was added dropwise to the filtrate at 50 °C to give pure crystals of the desired products 4a-f with yields based on the starting aldehyde.
Results and discussion
The catalytic facility of the HI-MCM-41 was evaluated in catalyzing a reaction for the efficient synthesis of bis(indolyl)methane derivatives by condensing indole, various aldehydes in refluxing EtOH. The results were evaluated qualitatively through TLC. It was found that the quantitative yield can be achieved when the reaction was carried out in the presence of 0.01 g catalyst in refluxing EtOH. The results are summarized in Scheme 3. The HI-MCM-41 (1) were easily separated with filtrations and the recovered catalyst was reused for at least 7 runs without significant degradation in catalytic activity and performance (Fig. 1) . 
Conclusion
We have found that heteroaromatic isocyanurate ring functionalized MCM-41 (HI-MCM-41) can be efficiently utilized for the efficient synthesis of bis(indolyl)methanes. The bis(indolyl)methanes were obtained in good to excellent yield. There are several advantages using this approach, specifically shorter reaction and sequestration duration, low dosage, and reusability. The catalyst can be regenerated and reused without significant loss of activity.
